We consider an acoustic wave system with discontinuous coe cients and nonsmooth inputs. Existence, uniqueness and continuous dependence on input data of weak solutions are established.
Introduction
In this note we treat a particular wave equation that arises in the investigation of an electromagnetic interrogation technique relying on electromagnetic acoustic interaction. This technique depends on the known fact that pulsed acoustic waves can act as "mirrors" for pulsed electromagnetic waves and that the resulting electromagnetic wave re ections can be used to characterize or identify target materials 1 , 2 , 6 . In order to accurately describe the full system dynamics underlying the technique, one must beable to model each system individually. The system studied here describes the behavior of the acoustic system for propagation in time and space. This acoustic system cannot beexpected to yield solutions that are smooth in time or space since the inputs are pulsed and the waves are propagated across material interfaces. To facilitate both theoretical and computational 3 considerations, it is useful to write the equation in variational or weak form. If a solution is to possess less smooth time derivatives, such as second derivatives that are H ,1 functions of time, the corresponding system needs to be written in variational or distributional form in both time and space. The traditional arguments for well-posedness of a wave equation in variational form in space alone cannot be applied directly to such an alternate formulation. Thus, another approach is required and this note outlines one which can be used to establish well-posedness of wave equations expressed in variational form in both time and space.
Problem formulation
We consider a one-dimensional wave equation in the context of acoustic propagation. This equation describes the propagation of an acoustic pressure wave through a material consisting of two homogeneous layers. In the left layer of the material the wave propagates with one constant wave speed, in the right l a yer the wave travels at a different speed. The boundary conditions are given by t h e input of windowed sine wave at z = 1 and a no re ection, or total absorbing, condition at z = 0. A schematic of the geometry is given in Figure 1 . The system is initially at rest. Then the equations that govern this system are given by w , c Our arguments rely on the fact that, given a smooth enough forcing function, the wave equation has a strong analytic solution. We use the approximation theory i.e., We note that in equations 6 and 7 the functions f m and f are evaluated at points y 0; to account for this, we assume that f m y = 0 a n d fy = 0 f o r a n y y 0. Thus our goal here is to show that the solution to 9 must satisfy jps; j L 2 0;1 = 0 for any s in 0; T :
Following ideas in 4 , 7 , we begin by de ning the test function s for any s 2 0; T s t; z = unique, and depend continuously on the forcing function. Due to the full variational form of the system, the approach taken is somewhat nonstandard. Although the system considered here is rather specialized and chosen based on its utility in a particular application, the techniques can be extended with suitable modi cations for other wave equations. In particular, the ideas can be extended to describe an acoustic wave traveling in a medium with more than two l a yers. However the increase in material interfaces causes an increased numberofwave re ections and signi cantly adds to the tedium of constructing an analytical solution.
